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USE OP NITRIC OXIDE/NQCLEQPHILB COMPLEXES FOR THE TREATMENT OF CANCER 



TECHNICAL FIELD OF THE INVENTION 
5 The present invention concerns a method of, and 

composition for, controlling the proliferation of cells. 
In particular, the present invention is directed to the 
use of compounds which release nitric oxide in aqueous 
solutions, particularly nitric oxide/nucleophile 
10 complexes and their derivatives, to induce cytostasis 
and cytotoxicity so as to attenuate cell proliferation. 

BACKGROUND OF THE INVENTION 
The control of cell proliferation has great 

15 usefulness in the treatment of various disorders. Of 
particular interest in that respect is the attenuation 
of cell growth or proliferation in the treatment of 
tumor or cancerous cells, parasites, fungi, bacteria, 
and other proliferating organisms. 

20 Nitric oxide (NO) has recently been implicated in 

a variety of bioregulatory processes, including normal 
physiological control of blood pressure, macrophage- 
induced cytostasis and cytotoxicity, and 
neurotransmission (Moncada et al., "Nitric Oxide from L- 

25 Arginine: A Bioregulatory System," Excerota Medica . 
International Congress Series 897 (Elsevier Science 
Publishers B.V.: Amsterdam, 1990); Marietta et al., 
"Unraveling the Biological Significance of Nitric 
Oxide," Biof actors , Z, 219-225 (1990); Ignarro, "Nitric 

30 Oxide. A Novel Signal Transduction Mechanism for 
Transcellular Communication," Hypertension ( Dallas 1 . 16 , 
477-483 (1990)). A number of compounds have been 
developed which are capable of delivering nitric oxide, 
including compounds which release nitric oxide upon 

35 being metabolized and compounds which release nitric 
oxide in aqueous solution. 
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Th ose compounds ^ r-e nitride 

bein g metabolize* Jf^/^ sodium 

nitrovasodilators glyceryl trinitrate . an^ 

nitr o P russide (Ignarro et al. , 

^ 739-749 (1981) ; Ignarro, SffiH * 

* 30 535-560 (1990) ; Krus?yna et al. , iSSiSSA. 

l2XiS ^' Jl 91 42S-438 (1987); WilCOX et al. , 

h&±-2*&*^: ^ 71 .; 6 (1990 „. Another 

^^^^^^*^^^^r^TO-H-acety lpenicillaai* e » - -en 
compound, S nitros _ in solution and as 

Patent. 4,954.526 ana 5.039,7.5 » ».U 18 _ 
O.S. patent application. 07/423,279 (111 

» B ,, eflS -7Q3 f filed September 20, 1990), u//'«"f 
1989) , <"/585 793 (filed P September 24, 

(filed August 12, n "^'" / se ; tember 24 , 1991), and 
, 1991), 07/764,908 lil- Septemb 

particular, it has oee mit ochondrial 

«vide inhibit DNA synthesis ana 

oxiae iiuii- . vitro (Hibbs et al., 

respiration of twc (1988) . 

J0 «uehr et .1., ^^T^J^, u a nionly 

i- its nure form, Bowevei , 

Zr»''"^Tn Bnvirennentai Heaitn Cri«rie for 

35 criteria 4 <«=rla HeaXtn ^f^ c ~ 0 

1977)). 01li,,e ' the " £0te ' U dl " 1CUlt 
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introduce reliably into most biological systems without 
premature decomposition. 

The difficulty in administering nitric oxide can be 
overcome in some cases by administering nitric oxide 
5 pharmacologically in prodrug form. The compounds 
glyceryl trinitrate and sodium nitroprusside are 
relatively stable but release nitric oxide only on redox 
activation (Ignarro et al., J. Pharmacol. g«>. Th^r.. 
213., 739-749 (1981); Ignarro, Annu. Rev. Ph a n» aeo i. 
10 Toxicol t , 23., 535-560 (1990); Kruszyna et al., Toxicol. 
&PPl> Pharmacol,, jj, 429-438 (1987); Wilcox et al., 
gheWi Res. Toxicol., 2, 71-76 (1990)). While this 
feature may be an advantage in some applications, it can 
also be a significant liability, as in the development 
15 of tolerance to glyceryl trinitrate via the exhaustion 
of the relevant enzyme/ cof actor system (Ignarro et al., 
Annu. Rev. Pharmacol. Toxicol.. 25., 171-191 (1985) ; Kuhn 
et al " Cardjovasc. Pharmacol., l±(Suppl. 11) , S47- 
S54 (1989)) and toxicity from metabolically produced 
20 cyanide during prolonged administration of nitroprusside 
(Smith et al., "A Potpourri of Biologically Reactive 
Intermediates" in Biologica l Reactive Intermediates IV. 
Mplecular and Cellular Effects and Their Impact on Human 
B e *lth (Witmer et al., eds.), Advances in Experimental 
25 Medicine and Biology Volume 283 (Plenum Press: New 
York, 1991), pp. 365-369). 

There remains a need, therefore, for a method of 
inhibiting the proliferation of tumor cells, parasites, 
fungi, bacteria, and other proliferating cells or 
30 organisms which can be reliably effected in vivo an d 
which preferably does not require undesirable activation 
mechanisms. It is an object of the present invention to 
provide such a method. It is another object of the 
present invention to provide a pharmaceutical 
35 composition useful in carrying out that method. 

These and other objects and advantages of the 
present invention, as well as additional inventive 
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f .,turea, will be apparent t r=a tne oeacription of the 
invention provided herein. 

. BRIEF SDMHARX OF THE INVENTION 
The present invention encompasses a method of 
J^til cell proliferation by inducing cytostasis 
controlling cell proi specifically, the 

present inv^on mvolvea «3»a 9 

^ ° f ^nitrt ^/nuclaWl. 

solution, particularly 

complex or derivative thereof. neMna sses a 

The present invention also ^ co *^* 
^eutical composition comprising a pharmaceutical^ 
pharmaceutical co p therapeutically effective 

to induce cytostasis or cyu ^articular 
to the pharmaceutical composition and has particul 
utility in the treatment of tumor cells, as well a 

BRIEF DESCRIPTION OF THE DRAWINGS 
s * «.,«h detiictino the attenuation of in 

LlU.. incubated Vith varioue concentration, of variou 
0 nitric ^«'7 1 ^ h e ^X 0l e attenuate of in 

^nt^atitUvni^e incorporation » 

35 nitric oxide complex of 3 (n pr py 

with and without the presence of the mtr 
scavenger oxymyoglobin. 
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DESCRIPTION OP THE PREFERRED EMBODIMENTS 
The present invention is predicated on the 
discovery that cell proliferation, particularly tumor 
cells proliferation, can be attenuated or inhibited by 
5 exposing cells to a compound that is capable of 
releasing nitric oxide in an aqueous solution, 
specifically a nitric oxide /nucleophile complex or a 
derivative thereof. The present invention concerns a 
method of controlling cell proliferation by exposing 
10 cells to a compound capable of releasing nitric oxide in 
an aqueous solution, as well as a pharmaceutical 
composition which includes a pharmaceutically acceptable 
carrier and a therapeutically effective amount of a 
compound capable of releasing nitric oxide in an aqueous 
15 solution, particularly a nitric oxide/nucleophile 
complex or a derivative thereof. 

The compounds that are capable of releasing nitric 
oxide in an aqueous solution in the context of the 
present invention preferably do so spontaneously upon 
20 contacting an aqueous environment, e.g., do not require 
activation through a redox reaction or electron transfer 
such as required for glyceryl trinitrate and sodium 
nitroprusside. Some of the nitric oxide/nucleophile 
complexes useful in the context of the present invention 
25 do require activation by particular means, but only as 
necessary to free the nitric oxide releasing X[N(0)N0]- 
group in the vicinity of the particular cells of 
interest. As an example, covalent attachment of a 
protecting group to the anionic [N(0)NO]- function 
30 provides a means of postpoining nitric oxide release 
until the molecule reaches an organ capable of 
metabolically removing the protecting group. By 
choosing a protecting group that is selectively cleaved 
by tumor-specific enzymes, for example, the action of 
35 the nitric oxide/nucleophile complex can be targeted to 
maximize the desired effect. While the nitric oxide 
releasing compound in the context of the present 
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invention is capable of releasing nitric oxide in an 
^soiutionV such a compound preferably releases 
nitric oxide under physiological conditions. 

The compound capable of releasing .itric oxide ,n 
M acueous solution is preferably a nitric 
rxide nucleopbile adduct, e.g. a c = of n£ 

oxide/nucleophile complex whi nucleophile 

»oiety ^^ 0)N ° ] -';^J r :; i r inferably that of 
residue. The nucleopbile resid ^ * as ^ 

a primary amine (e.g., x 4 B x = 

( CH 3h cmm t H(0)NO]Na), a secondary amine X 
Si,, as in C^^HCO^a, • 

x = spermine, as m ^ ^ 

vw*www*' - 1 jwitterion 

propylamine propylamine, as in ™ 

in ».0IH(0)MO)H.) , or a derivative ^tn 

oride/nueleophile conplexes are stable 

capable of delivering nitric oxide ma * 

Table form at a predictable rate £ 

preferably not an entity such ee sulfite (e.g.. * » >• 

TtabTe co^oLd. since it is capable of releasing nitric 
; Sle in an agueou. snvironment only under barsb, 
nonphysiologieel conditions. 

Other suitable nitric oxide/nucleophile complexes 
include those having the following formulas: 

„ pharmaceutical* acceptable * tt . 

vaience of th. ^ ■^'^ eM pound. 
smallest integers that result 
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preferably such that the compound is not a salt of 
alanosine or dopastin; 

Ri-NH + -(CH 2 ) ]l -N-[ (C%)J] 4 -[ (ay.-Hh-R, 

wherein b and d are the same or different and may be 
zero or one, R„ r,, r,, r,, and ^ are ^ saBe or 

-different and may be hydrogen, c„ cycloalkyl, C K< 
straight or branched chain alkyl, benzyl, benzoyl, 

10 phthaloyl, acetyl, trif luoroacetyl, p-toluyl, t- 
butoxycarbonyl, or 2,2,2 -tr ichloro-t-butoxycarbonyl , and 
x, y, and z are the same or different and are integers 
from 2 to 12, with the proviso that R, and Rj are 
preferably not both methyl when Rj is hydrogen, x is 2, 

15 and b and d are zero; 

H 

R 4 -N + -(CH 2 ) f -B 
*7 



wherein B is J^yj-NjCV or -N ^-HA", 



25 



R« and R 7 are the same or different and may be hydrogen, 
^ cycloalkyl, C,. u straight or branched chain alkyl, 
benzyl, benzoyl, phthaloyl, acetyl, trif luoroacetyl , p- 
toluyl, t-butoxycarbonyl, or 2, 2,2 -tr ichloro-t- 
butoxycarbonyl, f is an integer from 0 to 12, with the 
proviso that when B is the substituted piperazine moiety 



then f is an integer from 2 to 12; 
(^-(C^J.-N-R, . 

*9 R« 



(CRjJ.-NH,*-^ (IV) 
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wherein R. is hydrogen, C„ cycloalkyl, C, u straight or 
branched chain alfcyl, benzyl, benzoyl, P«*^ 
acetyl, tr if luoroacetyl , p-toluyl, t-butoxycarbonyl , or 
2 2 2-tri-chloro-t-butoxycarbonyl, B, is hydrogen or a 
d-i straight or branched chain alkyl, and g is 2 to 6; 

>H - N - cr 



10 wherein R, and R, are independently selected ^from the 
group consisting of a straioht chain or branched chain 
£- Co alxyl group end a benayl group, with the proviso 
thet no brench occur on the elphs csrbon etc, or else 

15 R, and Rj together with the nitrogen .ten they sr. ^end- 
to form e heterocyclic group, «- U . pherseceutlcelly 
eccepteble cetion, end x is the valence of the cation; 

rtUw^ua J. <VI) 

Wherein M is . pharmaceutical* acceptable 
20 where x is at l«st two, e mixture of two different 
pharmaceutical* acceptable metals, L is a llgand 

different fro. oMHN — ^ ^ t0 at °™ 
metal. B 1 and I? are each organic moieties and may be the 
asm. or different (with the proviso that where M is 
25 copper, x is one, L is methanol, and y is one, that at 
least one of # or tf is not ethyl, , x is an xnteger of 
from 1 to 10, X- is the formal oxidation state of the 
metal M, and is an tat*. of ft- I to C , is mn 

integer of from 1 to 18, and where y is at least 2, the 
3 „ Ug^s L may be the same or different, a is an int^er 

of from 1 to 20, and K is a pharmac.utic.Uy acceptable 

oount«ion to render the compound neutral to the extent 

necessary; and 

tR-H(H)N<HO)0-),X I'll) 
25 wherein R is ^ !»« alxyl, phenyl, benzyl, or ^ 
" oycoloalxyl, any of which R groups may be substituted by 
one to three substituents , which are the same or 
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different, selected from the group consisting of halo, 
hydroxy, c M alkoxy, -NHj, -C(0)NH„ -CH(O) , -C(0)OH, and 
-NOj, X is a pharmaceutical ly acceptable cation, a 
pharmaceutical^ acceptable metal center, or a 
5 pharmaceutical^ acceptable organic group selected from 
the group consisting of C, 4 lower alkyl, -C(0)CH„ and 
-C(0)NH2, and y is one to three, consistent with the 
valence of X. 

In addition to the above-recited compounds, 

10 pharmaceutically acceptable salts, zwitterions, and 
derivatives thereof are also useful in the context of 
the present invention. 

The synthesis of nitric oxide/nucleophile complexes 
generally involves reacting nitric oxide with suitable 

15 nucleophiles and has been described in Drago, "Reactions 
of Nitrogen(II) Oxide," in Free Radiu s j n Tnnr nan i. 
Chemistry, Advances in Chemistry Series, Number 36 
(American Chemical Society: Washington, DC, 1962) , pp. 
143-149; Hansen et al., "N-Nitrosation of Secondary 

20 Amines by Nitric Oxide via the 'Drago Complex,'" in Ifc 
Nitroso Compounds ; Occurren ce and Biological Effects 
(Bartsch et al., eds.), IARC Scientific Publications No. 
41 (Int«l Agency for Research on Cancer: Lyon, 1982), 
pp. 21-29; and Maragos et al., J. Med, ch*m. M , 3 242- 

25 3247 (1991). 

The rate at which the nitric oxide/nucleophile 
complex releases nitric oxide is dependent on at least 
the pH of the aqueous solution, the temperature, and the 
specific nature of the nucleophile. In general, the 

30 more alkaline the medium and the lower the temperature, 
the slower the release of nitric oxide. The nature of 
the nucleophile influences the rate of nitric oxide 
release over a considerable range (as demonstrated in 
the Examples herein). The effect on cell proliferation 

35 of the compound capable of releasing nitric oxide, 
therefore, can be controlled by appropriate selection of 
the nitric oxide releasing compound. 
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The effect of a compound capable of releasing 
nittic oxids in en aqueous » lttti8n * 
^. sibls in the sense that the addition - £ 
which 1. capebl. of reaving or scavenging 
; •«» so aqueous solution by complexin, or reseti* 

!!° ric ox w. can counteract tee inhibitory effect of the 
c^unl which reieases the nitric oxide. The effect - 
IZ probation of the ^J^Z^SZ 
0 r^r.^rir^Urconpoundin^ 

"^rr^ cf the present invention can be 
, " ,„ vitta , lt has particular ussfulneM in in 
practicsd in yifi*, P lnyentiv . .ethod, 

viva applications. rne pre==, . 

„ (eludes ths administration to an animal, 
L5 therefore, indues ths effective 

particularly a human, <* » « » ' ie oltide 

amount of a compound capable of releasing nl 

i„ „, aousous solution, particularly a nitric 

— « **» ^ ^iculerTy 
,„ »- of such a compound in treating animals, particularly 
" ^vantage, of the use , of pur. 

ni tric oxide, sgusous solutions of 
conpounds which releas. nitric oxid. but requir 
undesirable activation mechanisms. ,„„„,.,,,. 
» « regards the in yiS2 »• - to « S"'"* """""I! 

method, a nitric oxid. releasing co^ound i. the context 
o£ the present mention can be administered any 
suitabl. menner, preferably with pharmaceuticUly 
adaptable carries. Ths attenuation of tumor «11 
30 probation in an animal ha. utility in, for sxampls. 
ths in visa treatment of canorous cslls. . 

"1.. stilled in the art will appreciate that 
citable methods cf admini.t«ing a nitric o~d. 
~l«sing compound in the context of the pressnt 
ZZZ to an animal are available, and, althoughmor. 
£L one route can be ussd to administer a particular 
compound, a particular route can provide a more 



35 

compound. 
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immediate and more effective reaction than another 
route. Pharmaceutical^ acceptable carriers are alsa 
well-known to those who are skilled in the art. The 
choice of carrier will be determined in part by the 
5 particular compound, as well as by the particular method 
used to administer the composition. Accordingly, there 
is a wide variety of suitable formulations of the 
pharmaceutical composition of the present invention. 

Formulations suitable for oral administration can 

10 consist of (a) liquid solutions, such as an effective 
amount of the compound dissolved in diluents, such as 
water or saline, (b) capsules, sachets or tablets, each 
containing a predetermined amount of the active 
ingredient, as solids or granules, (c) suspensions in an 

15 appropriate liquid, and (d) suitable emulsions. Tablet 
forms can include one or more of lactose, mannitol, corn 
starch, potato starch, microcrystalline cellulose, 
acacia, gelatin, colloidal silicon dioxide, 
croscarmellose sodium, talc, magnesium stearate, stearic 

20 acid, and other excipients, colorants, diluents, 
buffering agents, moistening agents, preservatives, 
flavoring agents, and pharmacologically compatible 
carriers. Lozenge forms can comprise the active 
ingredient in a flavor, usually sucrose and acacia or 

25 tragacanth, as well as pastilles comprising the active 
ingredient in an inert base, such as gelatin and 
glycerin or sucrose and acacia emulsions, gels, and the 
like containing, in addition to the active ingredient, 
such carriers as are known in the art. 

30 The nitric oxide releasing compounds in the context 

of the present invention, alone or in combination with 
other suitable components, can be made into aerosol 
formulations to be administered via inhalation. These 
aerosol formulations can be placed into pressurized 

35 acceptable propellants, such as dichlorodif luoromethane, 
propane, nitrogen, and the like. 
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Formulations suitable for parenteral administration 
include aqueous and non-aqueous, isotonic sterile 
injection solutions, which can contain anti-oxidants , 
buffers, bacteriostats, and solutes that render the 
5 formulation isotonic with the blood of the intended 
recipient, and aqueous and non-aqueous sterile 
suspensions that can include suspending agents 
solubilizers, thickening agents, stabilizers and 
preservatives. The formulations can be presented in 
L0 unit-dose or multi-dose sealed containers, such as 
ampules and vials, and can be stored in a ^-drxed 
(lyophilized) condition requiring only the addition of 
the sterile liquid carrier, for example, water, for 
injections, immediately prior to use. / 
15 injection solutions and suspensions can be prepared from 
sterile powders, granules, and tablets of the kind 

previously described. _ 

The dose administered to an animal, particularly a 
human, in the context of the present invention should be 
20 sufficient to effect a therapeutic response in the 
animal over a reasonable time frame. The dose will be 
determined by the strength of the particular compound 
employed and the condition of the animal, as well as the 
body weight of the animal to be treated. The size of 
25 the dose also will be determined by the existence 
nature, and extent of any adverse 
might accompany the administration of a particular 

compound.^ Qf ^ individuala with the 

30 pharmaceutical composition of the present invention^ 
' Ly be desirable to utilize a «»ega-dosing» regimen. In 
such a treatment, a large dose of the pharmaceutical 
composition is administered to an individual, time is 
allowed for the active compound, i.e., the nitric oxide 
35 releasing compound, to act, and then a suitable reagent 
e.g., a nitric oxide scavenger, is administered to the 
individual to render the active compound ineffective. 
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The desirable extent of the inhibition of cell 
proliferation rate will depend on the particular 
condition or disease being treated, as well as the 
stability of the patient and possible side-effects. In 
5 proper doses and with suitable administration of certain 
compounds, the present invention provides for a wide 
range of the inhibition of the normal cell proliferation 
rate, e.g., from little inhibition to essentially full 
inhibition. 

10 The cytostatic activity of a nitric 

oxide/nucleophile complex is generally related to the 
rate and extent of nitric oxide release. It is believed 
that those compounds which release nitric oxide slowly, 
such as spermine-bis (nitric oxide) adduct monohydrate 

15 and 3 (n-propylamino) propylamine bis (nitric oxide) 
adduct, are more potent inhibitors of DNA synthesis than 
compounds which release nitric oxide more quickly, such 
as diethylamine-bis (nitric oxide) adduct sodium salt, 
isopropylamine-bis (nitric oxide) adduct sodium salt, and 

20 sodium trioxodinitrate(II) monohydrate (also known as 
"Angelas salt"). It is also believed that a sustained 
exposure to moderate amounts of nitric oxide has a 
longer lasting effect than a brief exposure to a greater 
concentration of nitric oxide. Moreover, the number of 

25 molecules of nitric oxide released by a single nitric 
oxide/nucleophile complex, which will generally vary up 
to two per [N(0)NO] moiety, apparently affects the 
potency of the nitric oxide/nucleophile complex, with 
compounds which release more nitric oxide per molecule 

30 having a greater cytostatic effect. 

The cytostatic effect of a nitric oxide/nucleophile 
complex is also dependent on factors in addition to the 
rate and extent of nitric oxide release. Such factors 
include the mechanism by which the compound degrades, 

35 the degree of uptake by the exposed cells, and the 
affinity for cellular constituents. For example, 
spermine binds DNA which may play a role in the nitric 
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oxide/spermine complex having a high cytostatic effect 

on tumor cells. 

While the present inventive method and 
pharmaceutical composition are primarily directed to the 
5 control of tumor cell proliferation, i.e. , cytostasis or 
the inhibition of cell division, the present inventive 
method and pharmaceutical composition may also have 
usefulness in controlling tumor cell growth, i.e., by 
providing a cytotoxic effect to adversely affect cell 
0 viability, and in attenuating the proliferation and 
growth of non-tumor cells, e.g., as antiparasitic, 
antifungal, and antibacterial agents, as well as in 
laboratory research. Those compounds which have a 
cytostatic effect but not a cytotoxic effect can be used 
5 with cytotoxic agents in combination therapy. The 
present invention also has usefulness in prophylatic 
treatments. 

Some of the nitric oxide releasing compounds, in 
sufficiently high concentration, will have a cytotoxic 
20 effect, in addition to a cytostatic effect, on cells. 
For example, under at least the conditions set forth in 
the Exaples below, spermine-bis (nitric oxide) adduct 
monohydrate has a pronounced cytotoxic effect at a 
concentration of 500 »»M, while 3-<n- 
25 propylamino) propylamine bis(nitric oxide) adduct, 
diethylamine-bis (nitric oxide) adduct sodium salt, 
isopropylamine-bis(nitric oxide) adduct sodium salt, 
sodium trioxodinitrate(II) monohydrate, and N- 
nitrosohydroxylamine-N-sulfonate do not significantly 
30 affect cell viability at concentrations up to 50<MiM. 
The cytotoxic effect of a particular nitric 
oxide/nucleophile complex is generally related to the 
nature of the nucleophile and other chemical entities 
which may be released from the complex, e.g., spermine 
35 from the spermine-nitric oxide complex. 
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The following examples further illustrate the 
present invention but, of course, should not be 
construed as in any way limiting its scope. 

5 Example l 

The effect on tumor cell proliferation by various 
nitric oxide/nucleophile complexes was evaluated by 
examining the effectiveness of such complexes in 
inhibiting DNA synthesis in A375 human^ melanoma cells as 

10 measured by incorporation of tritiated thymidine. 
Specifically, A375-C6 human melanoma cells were exposed 
to 0, 25, 50, 100, 200, 300, and 500 /M of various 
nitric oxide/nucleophile complexes. 

A375-C6 human melanoma cells were harvested with 

15 trypsin, washed twice with 10 mH phosphate buffered 
saline (PBS) , and resuspended in RMPI 1640 medium 
(Advanced Biotechnologies, Inc., Columbia, Haryland) 
containing 5% fetal bovine serum (Hyclone) supplemented 
with 2 mK L-glutamine, 100 U/ml penicillin, and 100 

20 Mg/ml streptomycin. The cells were diluted to 5.3 x 
10 4 /ml and 0.95 ml aliquots were distributed into 
microfuge tubes. Fifty microliters of each nitric 
oxide/nucleophile complex in 100 mH PBS, or PBS control, 
were added and mixed vigorously. 

25 The cell suspensions were distributed onto flat 

bottom tissue culture clusters (Costar) in the volume of 
0.2 ml/ well. Tritiated thymidine stock, i.e., 3 H- 
thyaidine (^-TdR) (NEN, Boston, Massachusetts), with a 
specific activity of 15.0 Cl/mmol, was diluted in medium 

30 and added at a level of l pci/well (25 Ml/well) . 
Following an 8 hour incubation, at 37°C and 5% Coj, the 
cell contents were collected onto filter discs (Model 
290 PHD Cell Harvester, Cambridge Technology, Inc., 
Watertown, Massachusetts) . The radioactivity of the 

35 filters was measured (Beckman LS-900) after the addition 
of 4 ml scintillation cocktail (Aguassure, , NEN) . DNA 
synthesis was expressed as % relative incorporation of 
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labeled thymidine, i.e., (cpm sample/cp* PBS control) x 



10 



15 



100%. 



20 



The parent relative *-TdF incorporations versa. 
tt e concentration of the nitric 
complexes were plotted « shown in Figure 1 ( end corvee 
were plotted tor the data points tor equations f itM to 
r=n dete set with the eid of e cc~rci.l oomputer 
J^U ( TableCurve. Jandel Soientifio. cort. Madera 
SlffoJa,. The date «r. fit a dose-response 

equation of the form: . 

% Relative Incorporation - e ♦ b/C* * <»«■•/«> >• 
this .caution is equivalent to tn. sigmoid y. «** 
vaseline correction a. described in Holford et .1.. 

£11!1 ^ n -da^oInr ta Figure 1 repreeents the mean of 
the results for three separate experiments, * « 

veils being used for each experiment (i.e., n » 
wells p~ date point,. The bers rspresent 95* 
confidence intervals based on an evaluation of the 
standard deviation of the experimental results for each 

^ Cf'ollowin, nitric oxide/nudeophil. complexes 
were testsd, and the concentration of each of^the 
eFaxes required to inhibit *H-TdR incorporation bv =0* 
(id, was estimated from the equation, fit to each data 
set used to prepare the curves of Figure 1. 
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Compound 


Data 
Point 
Symbol 


ICjo (mean 
± std. 
dev. , liM) 


H 2 N(CH,)3NH 2 + (CH 2 ) 4 N[N(0)NO]-(CaJj) ^IHj 


• 


24 ± 8 


CH 3 CH 2 CH 2 N[N (0) NOJ-CHjCHjCHjNV 


▲ 


44 ± 12* 


(CH 3 CH 2 )2N[N(0)NO]Na 


A 


128 ± 6 


NaO[N(0)NO]Na 


O 


287 ± 51 


(CH 3 ) 2 CHNH[N(0)NO]Na 


■ 


> 500 b 


^(OjS) [N(0)NO]NH4 


D 


NR e 



ICjq value represents mean of experimental results 
depicted in Figure 1 as well as from three 
additional experiments. 

Thymidine incorporation was inhibited by 43% at 500 

fix (% relative inhibition ■ 57%) • 

The term "NR" indicated no response and means that 

the compound did not inhibit DNA synthesis at 500 

MM. 



10 



b 

15 



Controls, all tested concurrently with the nitric 
20 oxide/nucleophile complexes at a level of 500 /xM, gave 
the following responses, where n represents the number 
of wells per data point: 
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Compound 



percent relative 
thymidine 
incorporation 
(mean ± std. dev.) 



isopropylamine 
sodium nitrite 
diethylamine 
N-nitrosodiethylamine 
3- (n-propylamino) propylamine 35 

spermine 18 



18 
18 
18 
18 



104 ± 15% 
100 ± 16% 
106 ± 21% 
95 ± 10% 
97 ± 14% 
51 ± 13% 



For comparison purposes, pure nitric oxide, added 
10 as 53 Ml of a saturated solution to 950 ,1 cells (final 
concentration of 100 m resulted in a decrease xn 
thymidine incorporation which was intermediate between 
the decrease in thymidine incorporation observed for 
NajNjOj and «yi 5 ) J H[N(0)N0]Na. The mean and standard 
15' deviation of percent relative incorporation for the pure 
nitric oxide were 72 ± 15% relative incorporation. 

The results of this experiment demonstrate the 
inhibitory effect of nitric oxide/nucleophile complexes 
which release nitric oxide in aqueous solution on the 
20 proliferation of tumor cells. 

The effect oh tumor cell proliferation by 
exposure to a nitric oxide/nucleophile complex in the 

25 presence of a compound which removes nitric oxide from 
an aqueous solution was evaluated by examining the 
effectiveness of the nitric oxide complex of 3-(n- 
propylamino) propylamine in inhibiting DNA synthesis in 
k375 human melanoma cells, by itself and in the presence 

30 of oxymyoglobin (MbO.) , as measured by incorporation of 
tritiated thymidine as set out in Example 1. 
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A375-C6 human melanoma cells were exposed to 0, 20 , 
60, 100, 140, 170, and 200 fM of the nitric oxide 
complex of 3- (n-propylamino) propylamine in accordance 
with the procedure set out in Example 1, except that 6.3 
5 x 10 4 cells in 0.90 ml were incubated with 0.05 ml, of 
2.5 mM myoglobin (125 /iM final concentration after 
dilution) or PBS control and 0.05 ml of the nitric 
oxide/nucleophile complex. Those cells exposed to 
oxymyoglobin were exposed to —the oxymyoglobin 

10 immediately prior to the addition of the nitric 
oxide/nucleophile complex. The percent relative ^-TdR 
incorporations versus the concentration of the nitric 
oxide/nucleophile complex were plotted as shown in 
Figure 2, and curves were plotted for the data points 

15 for equations fitted to each data set utilizing the 
procedure set out in Example 1. 

Each data point in Figure 2 represents the mean of 
the results for three separate experiments, with 3-6 
wells being used for each experiment (i*e., n « 9-18 

20 wells per data point) . The bars represent 95% 
confidence intervals based on an evaluation of the 
standard deviation of the experimental results for each 
data point. 

The concentration of the nitric oxide/nucleophile 
25 complex required to inhibit *H-TdR incorporation by 50% 
(ICjo) was estimated from the equations fit to each data 
set used to prepare the curves of Figure 2. 



30 Presence of Oxymyoglobin Data Point IC^ 

Symbol (mean, mM) 



oxymyoglobin present o HR 1 

oxymyoglobin not present • 69 
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The term «NR« indicated no response and means that 
the nitric oxide/nucleophile complex did not 
inhibit DNA synthesis at 200 lOL. 

The results of this experiment demonstrate that a 
expound which removes nitric oxide from an aqueous 
solution, such as oxymyoglobin which forms a nitrosyl- 
myoglobin (Mb-NO) complex, provides a protective effect 
against the inhibitory effect on tumor cells of a 
> Compound which releases nitric oxide in an aqueous 
solution- 

il! of the references, including literature 
reference, patents, and patent applications, cited 
5 nereln ere heresy incorporeted in their entireties by 

■ r * f ^fcU. this invention has been describe with an 
emphasis upon a preferred embodiment, it will * *™~ 
to those of ordinary skill in the art that venations in 

!0 the preferred netted and composition may be used and 
thet it is intended that the invention nay 
otherwise then as specifically described herein 
accordingly, this invention includes .11 — -"^T" 
tnconpassed within the spirit and scop, of the invention 

25 as defined by the following claims. 
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WHAT IS CLAIMED IS: 

1. A method of controlling tumor cell 
proliferation, which method comprises exposing tumor 

5 cells to a compound capable of releasing nitric oxide in 
an aqueous solution. 

2. The method of claim 1, wherein said compound 
is capable of releasing nitric oxide under physiological 

10 conditions. 

3. The method of claim 2, wherein said compound 
is a nitric oxide/nucleophile complex or a derivative 
thereof. 

15 

4. The method of claim 3, wherein said compound 
is a nitric oxide/nucleophile complex. 

5. The method of claim 4, wherein said compound 
20 contains the anionic moiety X[N(0)N0]\ where X is a 

nucleophile residue. 

6. The method of claim 5, wherein X is selected 
from the group consisting of spermine, 3-(n- 

25 propylamino) propylamine, diethylamine, isopropylamine, 
and oxide. 

7. The method of claim 3, wherein said compound 
is (CH,) 2 CHNH[N(0)NO]Na. 

30 

8. The method of claim 3, wherein said compound 
is CM 3 CH2CH2N[N(0)NO]-CH2CH 2 CH 2 NH3 + . 

9. The method of claim 3, wherein said compound 
35 is (CH 3 CH 2 ) J N[N (0)NO]Na. 
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10. The method of claim 3, wherein said compound 
is H 2 N(CH 2 ) 3 NH 2 + (CH 2 )4N[N(O)N0]-(CH 2 )3NH 2 . 

11. The method of claim 3, wherein said compound 
is NaO[N(0)NO]Na. 

12. The method of claim 3, wherein said compound 
is of the formula I 



10 



15 



20 



25 



30 





•n-ct " 






I 


. a 






■ 



+x 



(I) 



35 



wherein J is an organic or morgans m 0 x^, r™- - 
a moiety which is not linked to the ■ ^ 
remainder of the complex through a carbon atom, M* is a 
pharmaceutically acceptable cation, where x is the 
valence of the cation, a is 1 or 2, and b and c are the 
smallest integers that result in a neutral compound or 
pharmaceutically acceptable salts or derivatives 
thereof. 

13. The method of claim 3, wherein said compound 
is of the formula II 

Rl -NffMCH 2 ) x -N-[ CCH^yNla-t (CH 2 ) z -N] b -* 3 

R 2 N 2 0 2 ". R 5 R * 

wherein b and d are the same or different and may be 

Z ero or one, R x , * 2 , * 3 . **' ™* ** ~ 
different and may be hydrogen, C 3 _ 8 cycloalkyl. (?S 
straight or branched chain alxyl, benzyl, benzoyl, 
phthaloyl, acetyl, trifluoroacetyl. P"**^' j\ 
v*.wi or 2 2 2-trichloro-t-butoxycarbonyl, and 
butoxycarbonyl, or 2,2,^ kiuu . . 

x v end z are the same or different and are Integers 
£ ;„;' 2 to X2, or pharmaceutical* acceptable salts or 
derivatives thereof. 
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14. The method of claim 3, wherein said compound 
is of the formula III 

H 
l + 

H i -H + -(CB l ) r B (III) 



wherein B is ^T^-N 2 CV or -J^^-NjO,- 



Rs and Rj are the same or different and may be hydrogen, 
C„ cycloalkyl, C,., 2 straight or branched chain aDcyl, 
benzyl, benzoyl, phthaloyl, acetyl, trif luoroacetyl, p- 
toluyl, t-butoxycarbonyl, or 2,2,2-trichloro-t- 
15 butoxycarbonyl, f is an integer from 0 to 12, with the 
proviso that when B is the substituted piperazine moiety 



then f is an integer from 2 to 12, or pharmaceutically 
acceptable salts or derivatives thereof. 

15. The method of claim 3, wherein said compound 
is of the formula IV 



(CH— (CBd.-H-R, • |CH (CHj^-NH^-R, (IV) 

L- 

R» R, 
wherein R, is hydrogen, C„ cycloalkyl, C ua straight or 
branched chain alkyl, benzyl, benzoyl, phthaloyl, 
acetyl, trif luoroacetyl, p-toluyl, t-butoxycarbonyl, or 
2,2,2-tri-chloro-t-butoxycarbonyl, R, is hydrogen or a 
q-Cu straight or branched chain alkyl, and g is 2 to 6, 
35 or pharmaceutically acceptable salts or derivatives 
thereof. 



WO 93/20806 



PCT/US93/02922 



24 

16. The method of claim 3, wherein said compound 
is of the formula V 

M~ (V) 



10 



15 



20 



k » - ° 

wherein R, and Rj ere independently*.-^ fr» the 
^oup consisting of . straight chain or branched chain 

Lt no breach occur on the aipha carbon atom, or else 
8, and B} together with the nitrogen atom they are bonded 
ana wj 9 ptorln aceutically 
to lorn a heterocyclic group, » is a p 
acceptabie cation, end r is the valence of the cation. 
" Inarnaceutically acceptable salt, or d~ivative. 
thereof. 

17. The method of claim 3, wherein said compound 
is of the formula VI 

Kl M % (!) r W^V J <VI) 

wherein K is a pharnaceutically acceptable metal, or 
"here r is at least two, a mixture of two different 
pharmaceutical!, acceptable metals, L is a ligand 

different from |MW — U »— to " ^ °™ 
M tal, * and # are each organic moieties and may be the 
same or different (with the proviso that where M is 
copper, * is one, t, is methanol, and y is on. that at 
xeast on. of P.- or # is not ethyl) , * is » integer of 
U 1 to 10, *■ is the formal oxidation sta« » o the 

, set.1 M, and is an integer of from i to 6, y isjn 
Lteger of from 1 to U, and where , is at least 2 the 
Ugand. L may be the same or different, , is an in^r 
cf from l to 20, and K is a pharmaceutically acceptable 
coun«rion to render the compound neutral to 

5 necessary, or pharmaceutically acceptable salts 
derivatives thereof. 
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18. The method of claim 3, wherein said compound 
is of the formula VII 

[R-N (H) N (NO ) O- ] y X (VII ) 

wherein R is ^ lower alkyl, phenyl, benzyl, or 
5 cycoloalkyl , any of which R groups may be substituted by 
one to three substituents , which are the same or 
different, selected from the group consisting of halo, 
hydroxy, C M alkoxy, -NHj, -CCOJNHj, -CH(O) , -C(0)OH, and 
-NOj, X is a pharmaceutically acceptable cation, a 

10 pharmaceutically acceptable metal center, or a 
pharmaceutically acceptable organic group selected from 
the group consisting of C,_g lower alkyl, -CfOJCHj, and 
-C(0)NH 2 , and y is one to three, consistent with the 
valence of X, or pharmaceutically acceptable salts or 

15 derivatives thereof. 

19. The method of claim 3, wherein said tumor 
cells are exposed to said nitric oxide releasing 
compound in an amount sufficient to inhibit the 

20 proliferation of said tumor cells. 

20. The method of claim 3, wherein said compound 
is administered in a therapeutically effective amount 
with a pharmaceutically acceptable carrier to an animal. 

25 

21. The method of claim 20, wherein said animal is 
a human. 

22. The method of claim 2, which method further 
30 comprises exposing said tumor cells to a compound 

capable of removing nitric oxide from an aqueous 
solution by complexing or reacting with nitric oxide so 
as to counteract the inhibitory effect of said compound 
capable of releasing nitric oxide in an aqueous 
35 solution. 
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23 A method of inducing cytostasis or 

5 proliferation of said cells. 

24 . The method of claim 23, wherein said compound 
induces cytostasis. 



10 



25 ih« eethod of claim 24, herein caid compound 
is cepacia or r^»m nitric oxide under phyeioloaical 



conditions. 



15 



26 . natnod or cl.U 25, vnerain mU 
i. . nitric oxide/nucleophile ec.pl.* or . derivative 



thereof. 



20 



25 



30 



27 A pharmaceutical composition comprising a 
pharmaciuticaUY acceptable carrier and a compound 
capable of releasing nitric oxide in « agueo^ section 
in a therapeutically effective amount sufficient 
inhibit the proliferation of cells. 

28. The pharmaceutical composition of claia ,27 
wherein said compound is capable of releasxng nitric 
oxide under physiological conditions. 

29 The pharmaceutical composition of claim 28, 
^ ™„«nd is a nitric oxide/nucleophile 
wherein said compound is a mw* 

complex or a derivative thereof. — 

30 . The pharmaceutical composition of claim 29 
wh Jin said' compound is a nitric oxide/nucleophile 



complex. 



35 
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31. The pharmaceutical composition of claim 30, 
wherein said compound contains the anionic moiety 
X[N(0)NO]~, where X is a nucleophile residue. 

5 32. The pharmaceutical composition of claim 31, 

wherein X is selected from the group consisting of 
spermine , 3- (n-propylamino) propylamine , diethylamine , 
isopropylamine, and oxide, 

10 33. The method of claim 12, wherein said compound 

is not a salt of alanosine or dopastin. 



15 



34. The method of claim 13, wherein R a and R 3 are 
not both methyl when R 2 is hydrogen, x is 2, and b and 
d are zero. 
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